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Abstract 
Stainless steels, as low cost materials, are attractive for Proton exchange membrane fuel cells 
(PEMFC) bipolar plates. However, these alloys require surface coatings or treatments to 
enhance its corrosion resistance and surface conductivity in PEMFC environments. In this 
study, response surface methodology based on Box–Behnken design was employed to 
investigate the influence of activator content, time and temperature on corrosion current 
density of chromised 304 stainless steel in simulated PEMFC environment of aerated 0.5M 
H2SO4 + 2 ppm HF at 70
o
C. These process parameters were optimised and the performance 
of the optimised coatings in simulated and real PEMFC environments was investigated. The 
results indicated that temperature was the most significant factor influencing the performance 
of chromised coatings in PEMFC environments. The optimised coating produced at 1040
o
C 
for 3 hours with powder containing 6.84 wt% activator content exhibited better corrosion 
resistance than the substrate in typical PEMFC cathode and anode environments respectively 
as well as about six fold decrease in the contact resistance of the substrate at 150 N/cm
2
. 
Hence, the single fuel cell assembled with the bipolar plate coated with the optimised process 
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parameters exhibited a two-fold increase in the maximum power density of the cell with the 
uncoated bipolar plates. 
Keywords: Chromised coatings, 304 stainless steel, Box-Behnken Design, Corrosion 
resistance, Bipolar plate. 
1.0 INTRODUCTION 
Rising energy and environmental concerns on the use of petroleum based fuels in 
automobiles and other transportation devices have generated global research interest in 
hydrogen fuelled proton exchange membrane fuel cells (PEMFC) as alternative power 
sources for such systems. Nevertheless, PEMFC are expensive and not as durable as 
conventional power sources despite its high power density, low operating temperature (60–
80
o
C) and near zero emissions advantages [1-4]. Hence, extensive research efforts have been 
directed toward cost reduction of PEMFC major components such as the bipolar plates.  
A typical PEMFC stack consists of multiple single fuel cells arranged in series with each cell 
made up of a membrane electrode assembly sandwiched between two bipolar plates thereby 
making the latter the most repeated stack component. Hence, the bipolar plates account for a 
significant proportion of the cost, weight and volume of the stack. These plates also perform 
core functions such as distribution of reactant gases over the active electrode area and 
removal of water and heat within the cells that govern the power output and durability of the 
PEMFC stack. Bipolar plates are traditionally fabricated from non-porous graphite due to its 
corrosion resistance and high surface conductivity but its high gas permeability, brittleness 
and high processing cost are of major concern. Thus, alternative materials such as stainless 
steel alloys which offer lighter weight, higher mechanical strength and lower production cost 
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advantages over graphite have been considered as potential replacement for graphite [4-7]. 
These ferrous based alloys are, however, prone to corrosion in the humid and acidic PEMFC 
environments and exhibit high contact resistance with the gas diffusion layer (GDL) resulting 
in performance degradation of the PEMFC stack.  
Surface modification of stainless steels via coatings and surface treatments have been widely 
adopted as means of enhancing its corrosion resistance and surface conductivity in PEMFC 
environments. Accordingly, the performance of several types of coatings and treatments, 
which are basically grouped into metal based- and carbon based coatings have been reported 
[3, 6, 8-15]. Among the coatings investigated, chromised coatings produced via pack 
cementation are a class of low cost diffusion coatings reported to enhance the performance of 
stainless steels in PEMFC environments [11-15]. Pioneering investigations on the application 
of chromised coatings for PEMFC bipolar plate application was reported by Cho et al. [11, 
12]. In their first paper, the authors reported the influence of chromising time (2.5, 5  and 10 
hours) on the corrosion of chromised 316 stainless steels produced at 1100
o
C in a simulated 
PEM fuel cell environment of 1M H2SO4 at 80
o
C. The results indicated that extended 
chromising time (10 hours) degraded the performance of the coatings in simulated PEMFC 
cathodic environment and working potentials. The second paper described the effect of heat- 
treatment time (2.5 hours and 23 hours) and powder composition on chromised 316 stainless 
steel produced at 1050
o
C. Their results indicated that the phases formed during chromising, 
which dictated the surface conductivity of the chromised coating, were dependent on the 
process parameters investigated.  In a third paper, the authors reported further attempts to 
improve the performance of chromised coatings via shot peening prior to chromising at 
900
o
C [13]. The improvement in corrosion behaviour was attributed to a thicker chromised 
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layer of pre-treated 316L stainless steel due to increased grain boundary densities during shot 
peening which facilitated higher diffusion of Cr at chromising temperatures. Wen et al. [14] 
investigated the effect of rolling pre-treatments and EDM machining coupled with low 
temperature chromising at 700
o
C on 420 stainless steel and reported that rolling pre-
treatments was more effective in enhancing the performance of chromised 420 stainless steel 
than EDM machining. Bai et al. [15] also reported that rolling pre-treatments improved the 
single fuel cell performance of low temperature chromised 316, 430 and 420 stainless steels. 
These studies evidently showed that the performance of chromised coatings in PEMFC 
environments depended on the substrate composition and process parameters. Nonetheless, 
only a few stainless steel alloys and process parameters have been investigated. 
Furthermore, Cho et al [11, 12] in their first two papers reported optimum conditions for 
obtaining best corrosion resistance at 1050
o
C and 1100
o
C respectively within very limited 
range of parameters. However, it is important to fully understand the complete effect of 
process parameters (time, temperature, powder composition) on the corrosion resistance of 
chromised stainless steels in PEMFC in order to establish optimum process conditions. Also, 
the classical experimental approach of one-facto-at-a-time employed in these studies may not 
be able to establish an accurate optimum point as well as indicate possible interaction 
between the process parameters. Hence, in this study, design of experiments technique 
named response surface methodology (RSM) was utilised to systemically investigate the 
influence of time, temperature and activator content on corrosion performance of chromised 
stainless steels in simulated PEMFC environments and optimise the selected process 
parameters.  
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The present study also investigated the single fuel cell performance of the chromised 
stainless steel produced at optimum process parameters in order to evaluate the suitability of 
chromised coating produced without pre-treatments for PEMFC bipolar plates as only ex-situ 
performance of these coatings have been reported in the literature. 
2.0 Experimental Procedure 
2.1 Response surface design 
 RSM consists of a collection of mathematical and statistical tools used for designing 
experiments, developing empirical models and optimising process output(s) influenced by 
many factors [16-18]. In contrast to classical experimental method employed in previous 
studies on chromised stainless steels for bipolar application [11-15], RSM can establish 
optimal process parameters with fewer experiments and also deduce interactive effects 
between process parameters if any. Box–Behnken design, one of the basic RSM models 
consisting of rotatable or nearly rotatable three-level second-order designs based on 
incomplete factorial designs [4,16], was utilised to develop the design matrix which consisted 
of seven experiments with five centre points and two replicates. Three-levels were chosen for 
the selected process parameters: time activator content (B), temperature (C) as given in Table 
1 while the design matrix and experimental results are given in Table 2. The process 
parameters and the values shown in Table 1 were selected based on the literature on 
chromised coatings without pre-treatments [11, 12, 19-21]. The Experimental result in Table 
2 was fitted into a second-order polynomial model given in Equ.1 as suggested by the model 
summary statistics presented in Appendix A. 
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where Y is the predicted response, βo is the coefficient of intercept, βi is the coefficient of 
linear effect, βii is the coefficient of quadratic effect, βij, is the coefficient of interaction 
effect, i and j are index numbers for  the independent variables and ε is the random error.  
The adequacy of the model was evaluated using Analysis of variance (ANOVA) and analysis 
of the residuals. Design Expert statistical software package version 9.0.2.0 (State-Ease Inc., 
USA) was employed for designing the experiments and analysing the experimental data as 
well as generating the response surface plots and optimising the process parameters. 
2.2 Materials 
Commercially available, 2mm thick, 304 stainless steel coupons (Impact Metals Ireland, 
Dublin) with nominal composition of  Fe-18Cr-10Ni-2Mn-1Si-0.08C all in wt% were ground 
with silicon carbide papers, ultrasonically cleansed in acetone and air-dried prior to pack 
cementation. The coupons were thereafter embedded in a previously ball-milled powder pack 
composed of 50 wt. % Cr powder, (B) wt. % of NH4Cl and (50-B) wt. % of alumina where 
the value of B is as shown in Table 1. The crucibles were sealed with fire clay, cured in an 
oven to solidify the clay and afterwards loaded into a tube furnace with argon gas protection. 
Pack cementation of the stainless steel samples was conducted randomly as specified in the 
design matrix. After the heat treatment cycle, the chromised stainless steel samples were 
cleansed in acetone and dried in air. 
2.3 Surface Characterisation 
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Surface morphologies and thickness of the chromised stainless steels was characterised with 
a ZEISS EVO LS15 Scanning electron Microscope (SEM) equipped with INCA Energy 
dispersive X-ray (EDX) spectrometer (Oxford instruments). Phase analysis of the coatings 
produced at the optimised process parameters was accomplished with a D8 Advance Buker 
XRD with Cu Kα radiation (λ= 0.154nm) and operated at 40 KV and 40 mA. XPS spectra the 
optimised coatings were obtained with a Kratos Axis Ultra XPS model with Al X-ray source 
(1486.6 eV) at Nano Imaging and Material Analysis Centre, Ireland. XPS spectra were 
referenced to adventitious C1s at 284.5 eV and obtained at constant pass energy of 20 eV and 
0.05 stepwise before and after argon ion sputtering.  
 
2.4 Electrochemical experiments 
Electrochemical polarisation experiments were conducted via conventional three electrode 
system consisting of Ag/AgCl (saturated KCl) as reference electrode, platinum mesh as the 
counter electrode and the chromised stainless steel samples as the working electrode. All 
experiments were conducted in a flat cell exposing 1cm
2
 of the working electrode to the 
electrolyte, 0.5 M H2SO4 + 2 ppm HF at 70
o
C. The samples were soaked in the electrolyte for 
180 minutes and open circuit potential (OCP) was measured till the system was stable,  Tafel 
polarisation was thereafter conducted at ± 0.3 V vs (OCP) at a scanning rate of 1 mV/s using 
CHI 630C potentiostat (CH Instruments, USA). Tafel polarisation experiments were 
conducted with two samples and average values of corrosion current densities obtained by 
using Tafel analysis in the CHI software are reported in Table 2. Potentiodynamic 
polarisation of the optimised coating was conducted with Gamry Interface 1000™ 
potentiostat/galvanostat at a scanning rate of 1 mV/s from -0.1V vs OCP to 1.2 V vs. 
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Reference. The experiments were repeated three times with hydrogen gas and air bubbled 
into the electrolyte during polarisation to depict PEMFC anodic and cathodic environments 
respectively.  
2.5 Interfacial contact resistance  
Interfacial contact resistance (ICR) between carbon paper and the sample was evaluated at 
room temperature as described by Wang et al. [9]. In summary, experimental set up for the 
measurement consisted of two of pieces of Toray Teflon treated carbon paper (20% PTFE, 
TGP-H-90, Fuel cell Earth, USA) sandwiched between the optimised chromised sample and 
two copper electrodes. A direct current of 1 A was supplied to the copper electrodes via a 
XHR 300-3.5DC power source. The voltage drop across the setup was measured with 
Tektronix DMM912 digital multi-meter while the compaction force was gradually applied by 
a Zwick Roell universal testing machine. 
2.6 Single fuel cell test 
Single fuel cells were assembled with 304 stainless steel bipolar plates coated and uncoated 
with the optimised process parameters fabricated in-house. Pictures of the bipolar plates and 
single cells can be found in Appendix B. Each cell had an active area of 5cm
2
 with 35mm x 
35mm x 2mm bipolar plates with serpentine flow designs and commercially available coated 
membrane and GDL (Fuel cell stores, USA). The cells were purged with nitrogen gas before 
operating the cells at room temperature. Humidified hydrogen gas and compressed air were 
thereafter supplied to the cell at 50 ml/min after which the performance of the cells was 
evaluated in terms of cell voltage and power densities as a function of current density.  
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3.0 Result and Discussion 
3.1.1 Regression Analysis and ANOVA 
Regression analysis and ANOVA was used to evaluate the significance of the response 
surface model and the influence of the process parameters on corrosion current density.  
Regression analysis indicated that the model showed a good degree of fitness with a 
coefficient of determination (R
2
) of 0.9401 implying that the model can account for 94.01% 
of the variation in the data. The adjusted R
2
 and predicted R
2
 for the model also showed good 
correlation with values of close to 1 (Table 3). The ANOVA result presented in Table 3 
indicated that the model was statistically significant at 95% confidence level with F-value of 
34.50 and p-value < 0.0001. The significant model terms in descending order were: second 
order term of temperature (C
2
) > interaction between temperature and activator content (BC) 
> time (A) > linear term of temperature (C). The analysis of residuals also indicated the 
model assumption of normality was satisfied, hence, the model can make adequate prediction 
(Plots can be found in Appendix C). 
The best model describing the relationship between the response and the process parameters 
was obtained after square root transformation and is given in Equ. 2. 
(𝑦)0.5  =  +0.473 + 1.280 𝑥 10−4 ∗ 𝐴 − 6.402 𝑥 10−3 ∗ 𝐵 −  8.648 𝑥 10−4 ∗ 𝐶 
+  6.0373 𝑥 10−6 ∗ 𝐵𝐶 + 3.950 𝑥 10−7 ∗ 𝐶2                                               𝐸𝑞𝑢. 2 
Where y is the corrosion current density and A, B, C are given as time in hours, activator 
content in wt. % and temperature in 
o
C respectively.  Equ. 2 is consistent with the ANOVA 
result indicating that the second order term of temperature had the most significant influence 
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on the corrosion current density of chromised 304 stainless steel in  0.5M H2SO4 + 2 ppm HF 
at 70
o
C. 
 
 
Fig. 1 Surface plots (a) temperature vs. activator content, (b) time vs temperature, (c) 
time vs. temperature 
 
3.1.2 Influence of process parameters on corrosion current density of chromised 
stainless steels in 0.5M H2SO4 + 2 ppm HF. 
11 
 
Fig. 1 shows the response surface plots of the mutual interaction between corrosion density 
and the process parameters:  time , activator content (B), temperature (C)  It can be seen from 
the response surface plots in Fig. 1a and b that at constant activator content and time, 
corrosion current density decreased parabolically as the temperature increased from 1000
o
C 
to 1100
o
C. For instance, at constant activator content of 3 wt. % and time of 6 hours , 
corrosion current density of chromised stainless steel produced at 1000
o
C ( R6 in Table 2)  
was 1.00 x 10
-5
 A/cm
2
 , however, when temperature increased to 1100
o
C, corrosion current 
density decreased to 2.05 x 10
-6 A/cm2 ( R1 in Table 2).   Examination of the surface 
morphologies of samples R6 and R1 shown in Fig. 2a, & b indicate significant changes in the 
morphologies of the coatings as temperature increased. At 1000oC, a porous network-like 
structure matrix with small sized clusters is formed as shown in Fig. 2a, The inset of Fig. 2a 
shows the porous matrix of R6 at a higher magnification. This porous matrix will facilitate 
electrolyte-substrate interaction thereby deteriorating the corrosion resistance of R1 [22].  
However, as temperature increased to 1100
o
C, a compact surface with bigger-sized clusters 
and large grain size of network carbide which can provide better corrosion resistance than a 
porous coating was formed.  
The influence of time on corrosion current density is presented in Fig. 1 b and c. It can be 
seen from these surface plots that corrosion current density increased linearly with time. 
Although longer duration of chromising treatment can facilitate higher coating thickness at 
constant temperature and activator content as seen in the case of samples R12 and R17, R13 
and R16 as well as R4 and R5. Nevertheless, as time increased from 3 hours to 9 hours, the 
coating formed is more susceptible to defects such as voids and pores arising from the 
difference in the inward diffusion rate of chromium and outward diffusion rate of carbon 
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[23]. An example of such effect can be seen in the surface morphologies of R13 and R16 
(Figure 2c and d) produced at temperature of 1050
o
C and activator content of 7 wt. % for 3 
and 9 hours respectively wherein an order of magnitude increase was observed in R16 
compared to R13 as time increased. 
Fig. 1a and c depicts the influence of activator content on corrosion current density. 
Combining the response surface plots and the ANOVA results, it can be seen that the effect 
of the activator content on corrosion current density was considerably low at constant 
temperature and time. An illustration of this effect can be seen in the corrosion density of 
samples R16 and R17 pack cemented at 1100
o
C for 9 hours with powder containing 3 wt. % 
and 7 wt % of activator content respectively. The corrosion current density for R16 was 
found to be 1.889 A/cm
2
 while that of R17 was 2.345 A/cm
2
. Examination of the surface 
morphologies of these samples shown in in Fig. 2d and e suggest that the similarity in 
corrosion performance of these coatings could be attributed to the similarity in surface 
morphologies.  
3.1.3 Optimisation of process parameters 
 Optimisation of process parameters was conducted using numerical simulation coupled with 
the desirability function using the conditions shown in Table 4. The method adopted 
determines the optimum condition by first locating the level of each factor that can achieve 
the predicted response after which the overall desirability is maximised based on the set goals 
[16]. A set of  solution with desirability value of 1 and similar corrosion current densities was 
obtained, however, the condition selected by the software was: activator content of 6.84 wt. 
%, time of 3.04 hours and temperature of 1040
o
C, with a predicted corrosion density value of 
3.895 x 10
-7
 A/cm
2
. Experiments to verify the optimal conditions were conducted with three 
13 
 
samples and average corrosion current density of 4.304 (± 0.73) x 10
-7 
A/cm
2
 was obtained 
when the coatings was polarised in aerated 0.5M H2SO4 + 2 ppm HF at 70
o
C. 
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Fig. 2:  SEM images of chromised stainless steel sample  (a) R6, (b) R1 (c) R13 (d) R 16 
(e) R17 
 
3.2 Chromised 304 stainless steel produced at optimal process conditions 
3.2.1 Surface Characterisation  
Fig. 3 displays the surface morphology and cross sectional view of the chromised stainless 
steel produced at the optimised process parameters, hereafter, named Cr-304. The SEM 
image revealed a coarse and granular surface morphology. The thickness of the optimised 
coating was estimated to ~30µm using EDX line scan. EDX analysis of the optimised surface 
indicated that the chromised surface consisted primarily of chromium (67.12 at. %), carbon 
(9.46 at. %) and nitrogen (18.30 at. %) with minor amount of oxygen (2.34 at. %) and iron 
(2.25 at. %) as well as trace amount of aluminium which originated from the alumina in the 
powder pack.  
 
Fig. 3: (a) Surface morphology and (b) Cross-sectional view of Cr-304 
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The XPS survey spectra of the optimised surface presented in Fig. 4a is consistent with the 
EDX analysis but shows no Fe2p peak signifying minimal concentration of Fe on the 
superficial layer in agreement with previous investigation on chromised 304 type stainless 
steel produced by fluidised bed CVD [21].  The Cr2p narrow scan region (Fig. 4b) 
established the presence of chromium carbide at a binding energy of 540.0 eV [24, 25], 
chromium nitride in oxygen environment at a binding energy of 575.5 eV [26, 27] and 
chromium oxide at a binding energy of 577.0 eV [26, 27].  
 
Fig. 4:  XPS analysis of Cr-304 (a) survey spectrum (b) narrow region scan for Cr2p 
Glancing XRD  patterns for Cr-304 (Fig. 5) further confirmed the presence of the chromium 
based compounds identified in Fig. 4b on the near surface of Cr-304 with diffraction peaks 
attributed to (Cr,Fe)23C6, (Cr, Fe)3C7 and (Cr, Fe)2N1-x phases. GXRD, however, did not 
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detected chromium oxide, which is attributed to surface oxidation, due to its low 
concentrations compared to the other compounds.  
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Fig. 5:  Glancing incidence angle XRD of Cr-304 
3.2.2 Electrochemical Polarisation 
Fig 6a and b presents typical dynamic polarisation curves obtained for Cr-304 and the 
substrate (SS304) in 0.5 M H2SO4 + 2 ppm HF at 70
o
C with air and hydrogen gas bubbling 
environments to depict PEMFC cathode and anode environments respectively.  In both 
environments as shown in Table 5, Cr-304 exhibited more noble potential and reduced 
corrosion current density than the substrate indicating that chromising treatments improved 
the corrosion properties of the substrate. This observation is consistent with previous studies 
on chromised stainless steels [11-15]. In the simulated cathode environment (Fig 6a), both 
Cr-304 and SS304 exhibited similar passive–transpassive behaviours achieving trans-
passivation at ~ 0.9V. It can also be seen from Fig. 6a that both materials are within the 
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passive region at PEMFC cathode potential of 0.6 V. On the other hand, in the anode 
environment (Fig. 6b), the open circuit potential of Cr-304 is close to the anode PEMFC  
 
Fig. 6: Dynamic polarisation curves for Cr-304 and SS304 in simulated PEMFC (a) 
cathodic (b) anodic environments 
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working potential while SS304 is still within the passive region in simulated anode 
environment. Furthermore, in the anode environment, SS304 exhibited an active region of 
dissolution with a passivation current of -25.9 µA/cm
2
 after which it experienced similar 
passivity with Cr-304 within a potential range of ~ -0.1 V to +0.9 V. The improvement in 
corrosion behaviour of Cr-304 compared to that of SS304 in both oxidising and reducing 
environments can be attributed to the presence of chromium nitrides and carbides on the 
near-surface of Cr-304 as seen in the XPS and GXRD analysis. 
3.3.3   ICR and single fuel cell performance. 
Fig. 7a is the plot of ICR as a function of compaction pressure for Cr-304 and SS304. It can 
be seen that ICR decreased as compaction pressure increased due to increasing contact area 
between the carbon paper and the metal samples. Cr-304 exhibited an order of magnitude 
decrease in ICR compared to SS304 within the range of compacting pressure investigated 
signifying the beneficial effect of chromising on the surface conductivity of 304 stainless 
steel. At the compaction pressure range of interest for PEMFC applications (i.e. 100 - 
200N/cm
2 
[3, 6] ), SS304 exhibited ICR values between 195.7 to 114.9 mΩ/cm2  while Cr-
304 exhibited ICR values between 35.10 to 19.00 mΩ/cm2. At typical PEM fuel cell 
compaction force of 150N/cm
2
, Cr-304 exhibited ICR value of 24 mΩ.cm2 while that of the 
substrate was 143.29 mΩ/cm2.  
Notably, the ICR values of Cr-304 and SS304 are higher than ICR values reported in the 
literature for bare 304 stainless steels and chromised stainless steels [10-15, 28]. The higher 
ICR value for both materials is attributed to the PTFE loading of the carbon paper employed 
for ICR measurement. It is reported that the contact resistance of bipolar plate materials 
increases with increase in the PTFE loading of the carbon paper or GDL material [29, 30]. It 
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is also noted that the PTFE loading of the carbon paper used for ICR measurements in 
previous studies on chromised stainless steels were unreported. 
 
Fig. 7:  (a) Plot of ICR against compaction pressure for Cr-304 and SS304 (b) Single 
fuel cell performance of Cr-304 and 304SS bipolar plates. 
The initial polarisation of the single cells assembled with 304 stainless steel coated (Cr-304) 
and uncoated (SS304) with the optimised process parameters is shown in Fig. 7b. The cell 
with Cr-304 bipolar plates had an open circuit potential (OCP) was 0.92 V while that for 
SS304 was 0.85 V. As current density increased, the beneficial influence of the chromised 
coatings becomes evident as the voltage of SS304 decreased rapidly compared to that of the 
coated plates. As shown in Table 6, the single cell with Cr-304 bipolar plates attained a 
maximum power density of 8.47 mW/cm
2
 at a current density of 21.60 mA/cm
2
. These 
results represent a two-fold increase in the maximum power density of the single fuel cell 
with SS304 bipolar plates and suggest that chromised stainless steels produced without pre-
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treatments can be considered for bipolar plate application. Comparison of the ex-situ ICR 
values of Cr-304 and SS304 with the single fuel cell performance of these materials shown in 
Table 6 indicates that the performance of the single fuel cells was consistent with the ICR 
values at the compaction pressures at which the cells were assembled (Table 6); hence, the 
higher power output of the cell with Cr-304 bipolar plate than that the cell with SS304 
bipolar plate. This observation is in agreement with the literatures on single fuel cell 
performance [8, 10].   
4.0 Conclusion. 
The influence of time, activator content and temperature on the corrosion current density of 
pack-chromised 304 stainless steel in simulated PEMFC environment of 0.5M H2SO4 + 2 
ppm HF at 70
o
C was systemically investigated using Box–Behnken design. The results 
showed that corrosion current density decreased parabolically with temperature and increased 
linearly with time while the influence of the activator content was negligible. Nevertheless, 
the interaction between the temperature and activator content was found to be statistically 
significant. The coating produced at the optimised process conditions exhibited about an 
order of magnitude decrease in the corrosion current density and contact resistance of the 
substrate in the compaction pressure range of interest for PEMFC applications. 
Consequently, the single fuel cell with chromised 304  stainless steel bipolar plates  
outperformed the cell assembled with uncoated 304SS  having a voltage of 0.92 V at open 
circuit condition and maximum power density of 8.42 mV at current density of 21.60 mA. 
The improvement in performance of the optimised chromised 304 stainless steel over that of 
the uncoated steel in both the ex-situ and in-situ environments was attributed to the presence 
22 
 
of chromium carbides and nitrides on the near surface of the optimised chromised 304 
stainless steel.  
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